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GEORGE H. SMITH AND ROBERT SALINGER
An adequate explanation of the mechanism whereby a state of
general well being is maintained has yet to be advanced. Certainly
the explanation involving specific antibody response to specific anti-
genic stimulation can no longer be held to account for all known
facts, although doubtless under given circumstances serologic reac-
tions of this type assume immunologic importance. But whatever
the role of antibody in resistance to infection-whether it be a pre-
requisite to, a concomitant of, or a consequence of immunity-the
fact remains that a study of antibody inception and action offers as
satisfactory an approach to the study of immune phenomena as is
now available. And even though such studies serve to complicate,
rather than to simplify, the problems, they are not without interest,
since they may very well link serological, if not immunological,
phenomena with physiological processes.
The idea that the appearance of a given antibody in the serum
implies, of necessity, an invasion by the homologous antigen has
been effectively refuted through a study of the heterogenetic anti-
bodies. That a sudden and marked increase in the titer of a given
antibody can be developed through the introduction of diverse
unrelated antigens has been disclosed most clearly by the anamnestic
reaction. And, finally, it is of especial interest that increases in
antibody titer, as well as a mobilization of cells which possess
phagocytic power, can be effected through reactions which, perhaps,
can best be designated as the conditioned reflex.
Serological responses of this type are of significance, since they
may be incited by extremely subtle stimuli. It is, indeed, conceiv-
able that such an incitant may be of continuous application, thus
serving to maintain serologic activity at a constant, and possibly high,
level. Such responses, if immunological as well as serological, may
be of great importance in the maintenance of an effective level of
resistance.
The conditioned reflex in its relation to strictly physiological
processes requires no discussion, but it may be pertinent to point out
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that serological and, indeed, immunological, phenomena take origin
in the physiological activity of cells and tissues. It is not surprising,
therefore, to find that experimental animals may exhibit changes in
antibody content through the application of procedures which may
be properly classed as leading to conditioned reflexes. Such studies
have been reported by Metalnikov and Chorine, by Ostrovskaya,
and byPolettini, with a quite general agreement of results. Animals
conditioned to electrical stimulation, to the application of heat, or to
scratching the skin, quite uniformly respond with a pronounced shift
in the leukocytic picture, entirely comparable to the change brought
about by the agent associated with the conditioning procedure. In
a similar manner, the same stimuli applied to conditioned animals
whose sera contain antibodies (agglutinins) lead to a mobilization
of antibodies in the circulation. As a rule the increase in antibody
is not great, but in individual animals the response may be quite
marked, as a change in titer from 1:2000 to 1:8000. It is worthy
of note that individual animals vary greatly in the readiness with
which the reaction can become established, as, indeed, is the case
in the purely physiological conditioned reflex, and the interpretation
of the results must needs be guarded. Certain animals appear to
be refractory, and, as Ostrovskaya has shown, some animals which
have not been conditioned respond with an increased antibody titer
when a cutaneous stimulus is applied. In unconditioned animals,
however, this elevation in antibody content is more transitory than
in those which have been conditioned.
Other modes of conditioning, as to the sound of an automobile
horn, have been adopted, the results as regards antibody production
being similar to those reported above.
If it be granted that such processes as a polymorphonuclear
leukocytosis or a transfer of humoral antibody from the tissues to
the serum-reactions which may well have immunological impor-
tance-can be actuated through a conditioned reflex, it is equally
possible that other immunological phenomena which perhaps do
not react to the benefit of the host may be incited through a similar
mechanism. With this idea in mind, experiments have been con-
ducted through the past two years, with a view to demonstrating, if
possible, a relationship between the conditioned reflex and the
anaphylactic response.
Though experimental work demonstrating such a relationship
seems to be lacking, there is an abundance of data of clinical nature.
It is only necessary to consider the interest now being taken in many
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clinics in the role of psychotherapy in allergic conditions, and to
recall the case recorded by Osler, of the patient who experienced an
asthmatic attack when given an artificial rose. Hill, in his "Philos-
ophy of a Biologist" (1930) states: "So the mere sight of a picture
of a hay-field may, in very sensitive subjects, provoke an attack
of hay-fever."
Since this work was started a single report, that of Polettini,
bearing on the relationship of the conditioned reflex to anaphylactic
shock, has come to our attention. From his results this author con-
cludes that changes in the carotid blood-pressure, in respiration, or
in the coagulability of the blood cannot be effected by this means.
These conclusions are, however, somewhat difficult to reconcile with
the protocols presented, since with the injections being given daily
it is hardly probable that the conditioning, if present, could have
been to anaphylactic shock. At all events, the results were negative
throughout as regards anaphylactic manifestations, although this
same author obtained agglutinin responses in other animals through
conditioning procedures.
The objection raised to the technic of Polettini may be valid,
perhaps, in connection with the recently reported experiments of
Friedberger and Gurwitz. These authors attempted to prove (dis-
prove) the relation of the conditioned reflex to antibody (hemolysin,
agglutinin) mobilization. Their results, expressed in average shifts
in titer, are considered as being essentially negative. Their methods
and conclusions have been criticised by Metalnikov, who points out
the fallacy in the method of averages as applied to reactions of
this type. The fact that certain animals respond strongly to the
conditioning stimulus cannot be entirely negatived by the fact that
other animals do not so respond. Furthermore, it may be ques-
tioned whether daily injections of antigen over a period of two
weeks with the application of the conditioning procedure would
condition to antibody response or to the injection. The latent
period in antibody production following such treatment might well
interfere with a clear-cut result.
The anaphylactic reaction, by its very nature, seemed to offer
better chances of demonstrating an immunologic response than do
other serologic reactions. Here, the serologic reaction within the
body is immediate, and the evidences of such union of antigen with
antibodyare, intheguineapig,outspoken andcharacteristic. Further-
more, it is possible to condition to the response rather than to the
elaboration of antibodies upon which the response depends; that is,YALE JOURNAL OF BIOLOGY AND MEDICINE
theanimals do notneed to be conditioned to the sensitizing injection,
but merely to the intoxicating treatment. The results of such
attempts are here recorded.
In reporting the present series of experiments it may be well
to state at once that the results have not been as definite as might
be desired. In no instance has an acute anaphylactic death been
obtained in a guinea pig through a conditioned reaction, but,
although lesser degrees of anaphylaxis are difficult to interpret, in
certain animals reactions have been elicited which may well have
been anaphylaxis. The experiments have been carried out solely
on guinea pigs. Conditioning procedures of two types have been
used, namely, the application of heat to the skin, and subjection of
the guinea pigs to the ringing of an electric bell, the stimulus being
applied during the administration of the intoxicating dose into pre-
viously sensitized pigs. Anaphylactic shock, given to the animals
repeatedly, has been established by both the active method of sen-
sitization and by passive transfer. Since the early tests indicated
that anaphylactic death was not to be obtained, as a guide to the
interpretation of the symptoms revealed by the animals, blood
smears taken before and after shock, or after the application of the
conditioning agent, have been used to measure the shift in the white
cell picture. In the statement of results here given these blood
changes will be interpreted as indicative of shock phenomena.
The initial experiment, carried out during the period from October,
1929, to February, 1930, involved the use of 36 guinea pigs. These pigs
were subjected to sensitization with diverse antigens, as, on October 28,
by the injection of 0.1 cc. of horse serum intraperitoneally; October 30,
0.1 cc. of pig serum; November 1, 0.1 cc. of human serum; November 3,
the same quantity of sheep serum; November 5, beef serum; November 7,
rabbit serum; November 9, dog serum; and, November 11, cat serum.
These pigs, thus given an opportunity to develop an hypersensitive state
to these eight different sera, were subjected to test in accord with the following
protocol:
On November 14 one of the pigs was injected intravenously with 0.2 cc.
of horse serum. Acute anaphylactic shock occurred, with death in 7 minutes,
thereby proving that the pigs were sensitive. All the pigs received the same
quantity of horse serum by the intraperitoneal route without exhibiting marked
symptoms of shock. On the following day, November 15, one of these pigs
was given 0.2 cc. of horse serum intravenously. Practically no signs of shock
appeared, from which it was evident that the prior intraperitoneal injection
had desensitized in part. It appeared, therefore, that a larger intraperitoneal
dose would be tolerated and that a more marked shock might take place,
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with a more effective desensitization. Accordingly, on November 15 all of
the pigs were given 0.4 cc. of horse serum intraperitoneally. At the time
of the intraperitoneal injection the conditioning stimulus was applied,-the
local application of heat. To the skin of each pig so treated a metal plate
1.5 cm. square, heated at 650 C. was applied for 30 seconds. All of the
pigs gave evidence, within one hour, of shock. In some the shock developed
early, in others it was retarded; in some pigs the shock was mild, in others
prostration took place. All pigs survived.
On November 18 and 19 this same procedure was repeated, the sole
difference being that the antigen employed was pig serum rather than horse
serum. On November 21 and 22 human serum was used. On November
25 and 26 sheep serum was used. On November 29 rabbit serum was
given; on December 2, horse serum; on December 5, pig serum; on
December 9, human serum; on December 12, cat serum; on December 16,
horse serum; on December 20, pig serum; on December 23, human serum;
on December 27, cat serum; on December 30, horse serum; on January 6,
pig serum.
In all instances on the dates indicated the pigs so treated exhibited shock,
although it varied somewhat in intensity as well as in the rapidity of onset.
At the time of the intraperitoneal injections heat was applied to the skin as
indicated above, although in the later treatments the metal plate heated at
750 C. was applied for 10 seconds. These pigs, therefore, received a series
of 15 anaphylactic shocks, the administration of the shocking agent being
accompanied in all instances by the application of cutaneous stimulation. In
connection with the treatment given January 6, and in order to obtain a
measure of the leukocytic response to the combined action of the serum and
the heat, all of the guinea pigs were bled from the ear prior to the treatment
given. This bleeding was simply for the preparation of slides which could
be used to obtain differential white counts. Thirty minutes following the
injection slides were again made from blood taken from the other ear.
These slides, as is the case with all others, were subsequently stained with
Wright stain and counts were made on each slide, one hundred white cells
being counted, differentiating between the pseudoeosinophils, the true eosino-.
phils, and the mononuclear cells. A shift in the direction of an increased
eosinophilia should be expected, and might be interpreted as indicative of shock.
On January 8, all of the pigs were subjected to heat only, no serum being
given. Six of the animals were bled, smears being made prior to the applica-
tion of heat and again 30 minutes afterward. The gross response to the
application of heat was difficult to interpret. Almost all of the pigs showed
reactions which simulated closely those of non-lethal anaphylactic shock.
There was some coughing, some dyspnea, scratching of the nose, involuntary
voiding, and the hair on the back of the neck became ruffled. In no case
was the pig prostrated. Reactions of this character can only be interpreted
as suggestive.YALE JOURNAL OF BIOLOGY AND MEDICINE
On January 10 all of the pigs received an intraperitoneal injection of
human serum. No heat was applied. Shock was evident. Bleedings for
smears were made as before.
The change in the blood picture was difficult to interpret. The
experimental error involved is necessarily large, hence the changes
must be quite considerable, or quite constant in direction to permit
conclusions. In 30 of the 36 pigs the shift was in the direction of
an increased eosinophilia, the maximum increase being 25 per cent;
in the other six the change was negligible or showed a slight decrease
in eosinophilic cells. With the 6 pigs tested on January 8, with
heat only, all showed a positive shift, the increase ranging from
3 to 13 per cent. When the same 6 pigs were given serum only
on January 10, 5 showed an increase in eosinophile cells (6 to 13
per cent), one showed a decrease. A detailed tabulation of these
results is not given, since it would not show anything not better
presented in the experiments to follow.
This series of pigs suggests what subsequent experiments have
abundantly confirmed, namely, that the response is a purely individ-
ual response and is in no way a reaction uniform throughout the
group. Certain pigs react readily and quite vigorously to stimuli,
other pigs react but slightly. These facts will receive further con-
sideration in presenting the results of later experiments. However,
it was obvious that areasonable proportion of the pigs reacted to heat
in the same direction and to a degree equal to the response to heat +
serum or to serum alone. This experiment might be summarized
by stating that guinea pigs which have received a series of 15
anaphylactic shocks coincident with the application of cutaneous
stimulation respond to the cutaneous stimulation by gross symptoms
which simulate anaphylactic shock and by an eosinophilia which
resembles that of specific serum shock.
In the experiments reported above there were no control pigs,
since the purpose was simply to detect, if possible, differences in
the response of specifically sensitized animals under different con-
ditions of test. It seemed possible that the mere application of heat
to the skin of the normal pig might lead to an eosinophilia equal to
that seen in the animals under test. In order to check this pos-
sibility, a series of 20 normal guinea pigs was taken; bleedings for
smears were prepared, heat was applied to the skin as in the prior
experiment, and 30 minutes later bleedings were again taken from
the other ear. Counts of these slides were made. The results are
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incorporated in Table I. In 11 of these pigs the shift was positive
(from 1 to 7 per cent), in 9 negative (2 to 8 per cent).
These values should be considered in interpreting the results
with the test animals, but it seems warranted to infer that the test
animals reacted much more vigorously than did the normal pigs.
In view of the suggestive, but uncertain, character ofthese results
the experiment was repeated upon the same animals on January 20,
three weeks after the last injection of horse serum. Twenty-two of
the guinea pigs were injected intraperitoneally with 0.5 cc. of horse
serum, and prior to the injection and again 30 minutes after the
injection blood smears were made. Following the injection of
horse serum the pigs exhibited but little gross evidence of shock.
The counts are given in Table I.
Reaction to
Horse Serum only
+ 7
+12
+ 6
+32
+ 7
+17
+13
+10
+16
+15
+23
+19
+17
+36
+17
+38
+10
+21
+25
- 3
+35
+41
TABLE I
Reaction to
Heat only
+13
+22
+19
+11
not tested
+34
+18
+10
+30
+ 8
+17
+15
+17
+11
+ 1
+15
-22
- 3
+21
+14
+28
+12
Normal
Pigs
a
b
c
d
e
f
g
h
i
j
k
1
m
n
0
p
q
r
s
t
Effect
of Heat only
on Normal Pigs
+ 7
+ 3
- 4
+ 2
- 5
- 2
- 5
+ 4
+ 4
+ 7
- 3
+ 1
+ 3
+ I
- 8
-7
- 4
+ 4
+ 3
+ 3
The results of this test simply indicate the effect of the admin-
istration of horse serum to sensitized pigs, and it is clear that the
animals respond with a very definite increase in eosinophilic cells
when subjected to specific shock. These figures serve as control
Test
Pigs
2
3
4
5
8
9
10
11
13
14
16
17
20
21
22
25
26
27
30
31
32
33YALE JOURNAL OF BIOLOGY AND MEDICINE
values on the results obtained on February 4, when 21 of these
pigs were subjected to the application of heat only, bleedings being
taken both before heating and 30 minutes after. Immediately fol-
lowing the application of heat certain of the pigs, notably Nos. 11,
13, 14, 26, and 30, showed reactions dosely resembling those of
acute anaphylaxis. There was scratching of the nose, coughing,
convulsive movements, and interference with locomotion. The
counts made on these are also given in Table I.
The responses here exhibited to heat are essentially the same as
those obtained through the injection of horse serum. With but
two exceptions an increase in eosinophilic cells developed. It is, per-
haps, of interest that of the five pigs which exhibited the greatest
gross reaction four showed a positive shift in eosinophils, while the
fifth showed a most marked reduction in eosinophile cells.
It again becomes clear that the nature and extent of the response,
whether it be to serum alone, or whether it be to heat alone, is
largely a matter of individual behavior on the part of the animal.
Some pigs react strongly, others do not; and some pigs yield a
markedly increased eosinophilia to serum and fail to respond to
heat. In any instance, prior experience is of moment, as a com-
parison with the control series on normal pigs shows.
It may be permissible to point out that the 30-minute interval
following the injection of serum, or the application of heat, may not
represent the period during which the maximum shift in white cells
occurs. Subsequent experiments, where different time intervals
were used, have shown that a 2-hour interval is somewhat more
satisfactory; but the essential point is that all pigs do not reach the
maximum response in the same time. It is possible that with a
greater range of testing periods a greater degree of uniformity
might have been obtained.
The mechanism of the response observed was, however, still
open to question, since in these results there is nothing to prove that
the reaction to the application of heat is a reaction based upon the
development of an anaphylactic symptom-complex induced by the
conditioned reflex. It seemed that possibly some information might
be gained by attempting a desensitization procedure. If the change
in blood picture following heat were an evidence of anaphylaxis it
might be expected that guinea pigs tested with heat shortly after,
being subjected to specific shock might fail to respond in a character-
istic fashion. In other words, serum desensitization should reduce
or eliminate response to serum and response to heat as well, and
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conversely if the heat response involves the same physiological
mechanism as does the reaction to serum, guinea pigs which have
been subjected to heat and are then, later, tested by the application
of heat or the injection of serum should show a similar refractory
state as regards the development of eosinophilia.
On February 12, 1930, guinea pig No. 8 of the previous series was
given an intravenous injection of 0.25 cc. of horse serum. Within 3 minutes
the guinea pig was prostrated, but in the course of 30 minutes recovered. It
was thus apparent that the pigs of this group were still hypersensitive to
horse serum.
Accordingly, the 20 pigs of the previous experiment were divided into
two groups. The first of these (10 pigs) received serum, the second was
subjected to heat only. Shock was clearly evident in the animals of the
first group; questionable in the second. Blood for counts was taken prior
to the treatment, and again 30 minutes, 2 hours, and 24 hours afterward.
On February 15, these two groups of 10 pigs each were further subdivided
into groups of 5 animals. Five of the serum-injected pigs received a second
injection of serum, the other 5 received an application of heat. A like division
was made of the 10 heat-treated pigs. The results appear in the following
table (II), and in the accompanying chart.
TABLE II
Pig ' Response Respons -'
No. Treatment 30 min. 2 hrs. 24 hrs. Treatment 30 min. 2hrs. 24 hrs.
2 Serum +10 +36 +12 Serum + 2 - 3 + 1
3 +15 +36 +18 " + 7 + 2 + 8
4 cc +13 +53 +15 " +11 - 3 - 2
5 " +14 +22 + 4 " + 1 - 2 + 1
9 " +10 +22 +13 " + 4 + 8 - 2
10 " + 7 +44 +22 Heat - 8 - 5 - 2
11 " +23 +33 +27 " + 5 - 5 - 3
13 cc + 6 +41 +21 " - 6 + I - 2
14 " +24 +26 +27 " + 2 - 3 - 5
16
cc +17 +28 +23 " - 4 - 2 - 1
17 Heat +42 +45 +22 Heat +13 +15 + 4
20 " + 2 +52 +26 " +32 +22 +14
21 " +27 +34 +31 " + 2 +11 +12
22 " + 9 +18 + 6 " + 7 +12 + 2
25 " +38 +35 +26 " + 3 +20 +25
26 " +30 +34 +28 Serum +29 +28 +20
27 " + 8 + 9 +12 " - 2 +34 +10
30 " + 8 +42 +32 " +18 +47 +16
31 " + 3 +53 +32 " + 8 +24 +19
33 " + 3 +11 +17 " - 4 +12 +15YALE JOURNAL OF BIOLOGY AND MEDICINE
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The data recorded in this table suggest several things. In the
first place it is apparent that a bleeding made 30 minutes following
shock does not necessarily record the maximum change in the white
cell count. Indeed, as a rule, the shift is more marked after 2 hours
than after 30 minutes, and after 24 hours the swing back to normal
has been quite considerable.
A second point worthy of comment is the fact that the response
exhibited, on February 12, to heat compares very favorably with
the response in the 10 pigs which had been given serum. The
results obtained in the tests of February 15, however, show rather
striking differences in the two groups, differences which are appar-
ently referable to the treatment which the pigs received 3 days
before. Thus, on February 15, the pigs which had been desensi-
tized (presumably) by the injection on February 12 showed an
almost complete lack of response when given either serum or heat.
The pigs which had received heat on February 12, and which were
again tested with heat or with serum on the 15th showed, as a rule,
I I I I I I
I I I
I t I I I I
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a definite eosinophilia, although it was considerably less in degree
than had been the initial response to heat. It is certain that with
so few animals conclusions are unwarranted, but accepting them at
their face value it might be inferred that serum shock and its accom-
panying eosinophilia so alters the mechanism of response that sub-
sequent treatment with either serum or with heat is not attended
by eosinophilia, that is to say, serum shock desensitizes to serum and
to heat. On the other hand, the reaction induced by heat, while
comparable as regards eosinophilia to that attending serum shock,
does not have an equal effect in desensitizing or preventing response
to a subsequent injection of serum or to the application of heat.
There is, however, some evidence that the response is reduced.
These results might be interpreted as meaning that any procedure
which leads to anaphylactic shock as such involves all of the mechan-
isms associated with the symptom-complex of shock, whereas the
application of heat, although leading to a similar leukocytic response
and to certain other evidences of a gross character which might be
regarded as anaphylactic in nature, does not in any way completely
desensitize either to heat or to serum.
Such a conclusion can be but tentative at best, but if true it might
in a measure explain the lack of desensitization in certain of the
natural allergic conditions, assuming, of course, that some of these
manifestations are of the nature of a conditioned reflex.
A second experiment was carried out during the period from
March to July, 1930. It differed from the preceding in that an
attempt was made to utilize passive sensitization in some of the
tests. The conditioning was applied in each instance when the
specific anaphylactogen was given, and, as before, consisted in the
application of heat to the skin. In addition to observing the gross
symptoms following the reinjections, an attempt was made to
measure the response, as before, by means of blood smears.
The results of this experiment were disappointing throughout
from the point of view of demonstrating the establishment of a
response to heat alone. As an anaphylactic experiment, the results
were far from satisfactory. As contrasted with the first experiment
the evidences of shock were less clear-cut; indeed, in but few cases
was the shock sufficient to cause prostration of the pigs. The only
essential fact contributed by this experiment was that the control
pigs, which received the applications of heat as did the test animals,
failed throughout to respond with an eosinophilia. This would
indicate that where marked shifts in the blood picture take place
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when heat is applied to pigs that have been previously subjected to
heat in conjunction with shock the response is apparently due to
some phase of the shock reaction rather than to the heat alone.
Although the results of these two experiments were not con-
dusive, they were, as has been indicated, suggestive, and if taken
together it was difficult to avoid the condusion that certain of the
pigs had become so changed through shock with exposure to a con-
ditioning stimulus that they reacted to this stimulus in a manner
simulating the reactions associated with anaphylactic shock.
In a third experiment involving 40 guinea pigs an attempt was made to
condition to the ringing of an electric bell. The bell was so adjusted
with a timing clock that it would ring for exactly one minute, during which
period the injection of the intoxicating serum was given. Active sensitization
was employed, the antigens used being horse, pig, dog, and sheep sera. All
injections were given by the intraperitoneal route. At the beginning of the
experiment 40 pigs were available. At the completion of the experiment
35 pigs remained. Upon each date of test the pigs were carefully observed
to detect anaphylactic shock. In connection with certain of the tests blood
smears were made to reveal changes in the leukocytic picture. The protocol
of the experimental procedure follows, and the results of the counts will be
presented in Table III.
All pigs received exactly the same treatment unless otherwise indicated,
with the exception that in each of the four cages of 10 pigs each, one of the
pigs was reserved as a control. These four animals received no injections of
serum, but were subjected, like the rest, to the conditioning stimulus.
January 20: 0.2 cc. of pig serum.
January 27: 0.2 cc. of dog serum.
February 3: 0.2 cc. of sheep serum.
February 6: First shock. All pigs except the controls received 0.4 cc.
of horse serum intraperitoneally. Electric bell for one minute. Shock
was marked.
February 12: Second shock: All pigs received 0.4 cc. of pig serum.
Electric bell for 1 minute. Shock marked.
February 17: Third shock: 0.4 cc. of dog serum. Electric bell for
1 minute. Shock severe.
February 24: Fourth shock: 0.4 cc. sheep serum. Electric bell for
1 minute. Shock marked.
March 3: Fifth shock: 0.4 cc. horse serum. Electric bell for 1 minute.
Shock severe.
March 10: Sixth shock: 0.5 cc. pig serum. Electric bell for 1 minute
Shock moderate.
March 19: Seventh shock: 0.4 cc. dog serum. Electric bell for 1 min-
ute. Shock marked. Smears were made before the injection and
again 2 hours afterward.
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March 24: All pigs were subjected to the electric bell for 1 minute.
No serum was injected. In general, no reactions were noted, although
individual pigs manifested reactions which might be interpreted as mild
shock. Smears made.
March 26: Eighth shock: 0.4 cc. sheep serum. Electric bell for
1 minute. Shock marked. Counts made.
April 1: Ninth shock: 0.4 cc. horse serum. Electric bell. Shock
severe.
April 8: Tenth shock: 0.4 cc. pig serum. Electric bell. Shock slight.
April 16: Eleventh shock: 0.4 cc. dog serum. Electric bell. Shock
slight.
April 23: Twelfth shock: 0.4 cc. horse serum. Electric bell. Shock
severe.
April 30: Thirteenth shock: 0.4 cc. sheep serum. Electric bell.
Shock marked.
May 7: Fourteenth shock: 0.4 cc. pig serum. Electric bell. Shock
moderate. Smears made.
May 12: Pigs exposed to the electric bell for 1 minute. No serum
injected. Most of the pigs showed some disturbance, in a few it was
very marked. Counts made before and after the exposure.
May 14: Fifteenth shock: 0.4 cc. dog serum. Shock moderate. Elec-
tric bell. Counts made.
May 18: Pigs 1 to 9 were exposed to the continuous ringing of the
electric bell for 10 minutes. No serum was given. These pigs were
not removed from the cage and they were treated to the conditioning
stimulus simultaneously. Pigs 10 to 18 were subjected to the ringing
of the bell throughout alternate minutes for a total period of 30 minutes.
Pigs 19 to 27 were given the bell for one minute only. Both of these
groups were not handled in any way, but were left in the cage and
were treated simultaneously. Pigs 28 to 35 were treated individually,
each one being subjected to the ringing of the bell for one minute,
and pigs 36 to 38 were treated individually and exposed to the bell
for 10 consecutive minutes. On all of the pigs smears were made
prior to the exposure and again 30 minutes later.
May 21: Sixteenth shock: 0.4 cc. of horse serum. Shock marked.
Counts made.
Since in the first experiment an injection of serum, with attendant shock
had seemed to desensitize, or, at least, make the pigs non-reactive, while
treatment with heat had not had this effect, it was decided to expose certain
of the pigs repeatedly to the conditioning stimulus. Accordingly, on May 22,
23, 24, 25, 26, and 27, pigs 1 to 11, with pigs 16 and 24 (controls) were
exposed to the ringing bell. During these treatments none of the pigs mani-
fested the gross evidences of shock. Blood smears were made on each
occasion.
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May 28: These pigs, together with a group which had not been treated
since May 21, were given 0.4 cc. of sheep serum (17th shock).
Smears were made.
The results of these various counts are tabulated, and in the chart based
on these counts the extent of the successive responses is indicated.
TABLE III ~~~~o
+14 +10 +54
+47 +20 +14
+ 6 +15 +16
- 2 + 4 + 1
+ 9 +13 +14
+25 +15 +26
+6 +6 -9
+ 3 +24 +17
+18 + 8 + 7
+13 +17 +33
+40 + 3 +32
+18 +11 +29
+37 +15 +41
+44 +12 +35
- 1 + 2 - 2
+26 + 2 +33
+36 - 7 +12
+10 +11 +18
+37 +17 +12
+59 +11 +12
+49 - 7 +31
+ 4 - 8 +24
- 5 + 1 - 4
+24 +15 +15
+14 +11 +48
+45 +12 +51
+42 + 7 +27
+35 - 1 +12
+30 +19 +10
+ 3 + 2 -11
+11 + 8 + 5
+33 + 9 + 2
+ 8 +13 +27
+36 + 9 +51
+32 + 5 +41
+23 +25 +16
+33
+ 9
+33
+1
+34
+15
+17
+30
+33
+44
+37
+27
+35
+15
- 2
+34
- 1
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The results of this experiment are of value only in that they
confirm those of the first experiment. There can be little question
but that some capacity for reacting with a shift in the white cell pic-
ture becomes established in the course of repeated serum shocks
accompanied by auditory stimulation that will lead to a similar shift
when only the external stimulus is applied. Whether this repre-402 YALE JOURNAL OF BIOLOGY AND MEDICINE
sents a true conditioned reflex may, perhaps, be debatable, but
regardless of terminology it is certain that a response may be elicited
under conditions and after procedures which lead to the establish-
ment of the conditioned reflex of physiology. It may be pertinent
to point out again that the ease with which this reaction-state can
be established differs with different pigs. Certain animals appear
to be refractory; in others, reactions seem to be just as clear-cut
as are the responses to specific serum shock, if eosinophilia can be
used as an index of shock.
The fact that in most instances no symptom-complex of unques-
tioned anaphylactic nature followed the application of the stimulus
alone must be given due weight. And yet, in certain animals reac-
tions to the extent of prostration occurred. It is also certain that
many things will lead to a change in the blood picture, but it would
seem that this factor had been reasonably well controlled.
Finally, it should be specifically stated that no attempt is here
made to interpret these findings in terms of immune response or of
allergic states. The data here given, even in conjunction with the
findings previously reported along this line, are too fragmentary to
warrant analysis in such terms.
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